Abstract -The principle of reinforced soil with fiber can be defined as a soil layer mass which includes randomly distributed discrete components, i.e. fibers, that supply on improvement in the engineering properties and mechanical behavior of the soil matrix. In this study, the effect of fiber reinforcement on shear strength parameters of sand was evaluated. In order to determine the shear strength parameters of unreinforced and reinforced sand specimen, the direct shear test was conducted. While the type of sand and fiber is kept constant, the effect of various percentages of polypropylene fiber on shear strength parameters of sand was tested in the laboratory. The main aim is to find the influence of fiber inclusion on the shear strength of dense sand specimens. For the experimental stud y of the research, polypropylene fiber with different percentage of 0.1%, 0.5% and 1.0% by weight of soil was used and the effect of fiber reinforcement on shear strength parameters of sand was investigated. The experimental study mainly consists of direct shear tests that are conducted unreinforced and reinforced sand samples prepared at a relative density of 65%. The results indicate that fiber mixtures can improve the shear strength of sand. The experimental results reveal fiber inclusion affected the strength parameters of sand and both angles of internal friction and cohesion displayed a significant improvement with an increase in fiber content in the soil matrix. Based on the experimental results, the effect of homopolymer polypropylene fiber on shear strength parameters of dry, dense and poorly graded quartz sand was analyzed.
Introduction
Utilizing a tensile element within the soil mass, in order to improve the strength, has been employed for a long time. More than 3000 years ago, the Babylonians used to reinforce soil (Jha and Mandal) [1] . Since the 1970s, the use of geotextile as reinforcement has become more popular due to more satisfactory performance compared with metal reinforcement, which has been reported in several instances (Gray and Ohashi [2] . The beneficial effect of geosynthetic material is largely dependent on the form in which it is used as reinforcement. For example, same geosynthetic material, when used in planar layers or geocells or discrete fibers, comprising exactly the same quantity of material will give different strength improvements in different forms. This difference in strengths achieved is mainly due to the difference in mechanism of failure in the soil reinforced with the geosynthetic material in different forms. Geotextiles, as reinforcing materials, not only increase shear strength but also improve ductility and provide smaller loss of post-peak strength in the reinforced sand in comparison with unreinforced sand (Haeri et al.) [3] . In recent times, some studies have been performed using polymeric fibers (Nataraj and McManis) [4] ; (Santoni et al.) [5] , (Yetimoglu and Salbas) [6] (Tang et al.) [7] . It has been suggested that natural resources may provide superior materials for improving soil structure, based on their costeffectiveness and friendly environment aspects (Prabakar and Sridhar) [8] . Randomly distributed fiber-reinforced soils have recently attracted increasing attention in geotechnical engineering as a type of soil improvement. Discrete fibers are simply added and mixed with the soil, much like cement, lime, or other additives. Randomly distributed fibers offer strength isotropy and limit potential planes of weakness that can develop in parallel to oriented reinforcement (Yetimoglu and Salbas,) [6] . Noorzad and Ghoreyshi Zarinkolaei [9] performed laboratory triaxial and direct shear tests to determine the static stress-strain response of sands reinforced with discrete randomly distributed fibers. The test results revealed that in both direct shear test and triaxial tests, the addition of fibers improved shear strength parameters and also limited the amount of post-peak reduction in shear resistance. Eldesouky et al. [10] , Wei Shao et al. [11] and Jin Liu et al. [12] studied the effects of reinforcement on strength behavior of sand. The results showed that the fiber inclusion improved the shear strength and dilation.
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The major aim of this paper is to present the results of direct shear tests on the reinforced dry sand with polypropylene fiber as a type of available geotextile. To achieve this, a series of direct shear tests were applied to investigate the effects of fiber content on the behavior of sand under different static loads. In this study, Homopolymer Polypropylene (HP) fiber has been chosen as the reinforcement material, and it was randomly included in the sandy soil at three different percentages of fiber contents of 0.1%, 0.5%, and 1.0% by weight of soil.
Test Materials and Method

Experimental Study
The direct shear apparatus is employed to determine the shear strength of the tested specimens. The shear box has dimensions of 60 × 60 × 25 mm. According to the targeted relative density, the natural void ratio is calculated. Knowing the total volume to be occupied and specific gravity of the sand, the required amount of sand is weighed with an accuracy of 0.1 g. The samples prepared at a relative density about 65%. In the direct shear test, three different fiber contents are tested at the certain rate as unreinforced, 0.1%, 0.5%, and 1.0% fiber content by weight of soil sample. The effects of fiber inclusion on the shear strength parameters are compared using the test results of the direct shear test on dry samples. The laboratory testing program was performed in the Istanbul Technical University's Prof. Dr. Hamdi Peynircioğlu Soil Mechanics Laboratory.
Test Materials 2.2.1. Sand
The Akpinar sand is used in the experimental study. The sand is first washed through ASTM # 10 sieve. According to the Unified Soil Classification System (USCS) with ASTM D2487 (ASTM, 2007), the sand has been classified as SP. The constant head permeability test is conducted at the Istanbul Technical University, Civil Engineering Faculty, and Construction Materials Laboratory has conducted an analysis of the Akpinar sand. The results obtained from the binocular microscopes showed that sand particles are clean and semi-circular, semi-angular shaped. The composition mainly consists of quartz and it includes magnetite in small amounts. The grain size distribution of Akpinar sand is shown in Fig. 1 . Moreover, the parameters of the sand are shown in Table 1 . Fig. 2 illustrates the sand which used in this survey. 
Polypropylene Fiber
The fiber, which was used in this research is homopolymer polypropylene (HP). It is made of pure homopolymer polypropylene. This fiber is used in concrete reinforcement to reduce plastic and settlement shrinkage. The homopolymer polypropylene fiber sample that was used for the study is FORTA Mighty-Mono Monofilament Microfiber is shown in Fig. 3 . Physical properties of the homopolymer polypropylene fiber have been shown in Table 2 . 
Specimen Preparation and Shear Strength Experiment
The Direct shear test is performed to determine the effects of fibers on the shear strength parameters of sand. The test was conducted on samples of 60 x 60 x 25 mm rectangular cube, having a relative density of 65%. The amount of fiber added to the sand was taken as a percentage of the dry weight of sand. The fibers are accepted as part of the sand skeleton. The fiber content tested are = 0.1%, 0.5% and 1.0%. For sample preparation, fibers were separated to enable a uniform mixture and they were mixed with sand in the pan by hand. Then, admixtures were put in the shear box tamping slightly with a spoon in five layers and compacted slightly to achieve a uniform sample. The porous papers are placed before and after the sample in the shear box mold of apparatus.
The normal stresses of n=100, 200 and 300 kPa are applied at unreinforced and reinforced sand samples and the loading rate was 0.12 mm/min for all tests. The settlement is recorded for 15 minutes after the sample is loaded. Shear stress was recorded as a function of horizontal displacement up to a total displacement of 12 mm in order to observe the post-failure behavior. The shear stress-horizontal displacement curves and comparison between unreinforced and reinforced sand specimens under the same normal stresses of n=100, 200 and 300 kPa according to fiber content are presented in Fig. 4a to 4c respectively. The results of the experimental study show an increase in shear strength of sand due to fiber reinforcement. As the fiber content increase, the peak, and residual shear strength increase significantly. Although, the Fig. 4 shows that fiber reinforcement is more effective for samples at low vertical normal stresses. This finding is consistent with the results of past studies which done by Wei Shao et al. [11] .
In the same study, Wei Shao et al. performed directs shear test to evaluate the effect of randomly distribute fiber on shear strength parameters of sand. The study showed that inclusion of fiber yields an increase in shear strength value of sand. The investigation revealed that the peak shear stress increased gradually with an increase in the amount of fiber in the sand. Table 3 and Table 4 present information about the rate of increase and shear strength values of the present study and study of Wei Shao et al. [11] . The tables display that the rate of increase in the shear strength of fiber-reinforced sand mixtures increase with fiber content and drops under higher normal stresses. 
Effects of Fiber on Shear Stress of Dense Sand
The shear stress of unreinforced and reinforced sand at peak point tp and residual point tr values are determined by direct the shear box test. The peak shear stress and residual shear stress are calculated under the normal stresses of 100 kPa, 200 kPa, and 300 kPa for samples with 0.0%, 0.1%, 0.5% and 1.0% fiber content. The results of the shear stress of the direct shear box test are shown in Fig. 5a and 5b. According to the results, the randomly distributed fiber addition affected the shear strength parameters of sand. As the fiber content increased, there has been an increase in shear stress values of reinforced sand with respect to the normal stress.
With respect to the Fig. 5 and Table 3 it can be observed that there is an increase in shear stress of sand. The peak shear stress of 75 kPa for the unreinforced sample under 100 kPa shear force illustrated a 25% increase and for samples under 200k Pa and 300 kPa increasing ratio is 11% and 18% respectively at the peak point. These values for residual shear stress under 100 kPa, 200 kPa, and 300 kPa showed improvement of 40%, 28%, and 24% respectively. With respect the result, it can be concluded that shear strength of sand under low normal stress shows a greater value compared with greater normal stresses.
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Effects of Fiber on Peak and Residual Shear Strength Angle and Cohesion
In the direct shear test, the angle of internal friction at peak and residual points (p, r) and apparent cohesion Ca parameters are calculated by linear regression analysis with correlation coefficients that are approximately equal to unity R 2 =0.97-0.999. The peak shear strength angle p and residual shear strength angle r were calculated from the direct shear test are presented in Fig. 6a and Fig. 6b, Fig. 7a and Fig. 7b , apparent cohesion of unreinforced and reinforced sand can be calculated with respect to the normal stress and shear stress curves. There is no evidence of an increase in the cohesion value for the unreinforced samples in the peak point, but with the increase in the amount of fiber content up to 0.1%, 0.5% and 1.0% it can be seen that there is cohesion for the samples equal to 12.80 kPa, 18.7 kPa, and 3.341 for samples with 0.1%, 0.5% and 1.0% fiber content respectively. It can be concluded that fiber addition affects the apparent cohesion of sand and in samples with more fiber content, and with an increase of the fiber content by about 1.0% both the cohesion and angle of internal friction getting smaller. The experimental results demonstrate that for sand reinforced with different content of HP fiber, both angles of internal friction and cohesion have exhibited a considerable increase with an increase in the amount of fiber in the soil matrix. These results are consistent with the results of the previous study which was done by Wei Shao et al. [11] . The angle of internal friction and cohesion values obtained from the linear regression analysis for different fiber reinforcement percentages for the present study and study of Wei Shao et al. [11] are summarized in Table 5 and Table 6 . 
Discussion
The unreinforced sand has insignificant or zero cohesion between soil particle resulting in its structure. The fiber reinforcement mechanism in sand generally includes that the fiber and sand particles constrain each other to produce interface force. The conducted study on unreinforced and fiber-reinforced sand enable exploring the shear strength behaviors of fiber-reinforced sand in a detailed way. The stress-strain relationship is prominent to identify the mechanical behavior of modified soils. (Heineck et al.) [13] . However, through the studying the shear stress-strain curves, a better understanding can be developed as to how the fiber reinforcement effects the mechanical behaviors of sandy soils. It is important that the efficacy of the inclusion of fibers into the soil is greatly affected by the amount of fiber. (Gray and AlRefaei) [14] , (Maher and Ho) [15] , (Consoli et al.) [16] . Furthermore, amount of confining pressure that is applied on fiberreinforced sand has a direct impact on the shear strength parameters of the soils which are blended by fibers. (Wei Shao et al.) [11] . Therefore, this research is focused on determining the effects of various fiber content and different confining pressure on shear strength parameters of poorly graded quartz sand. The generally sand materials were prepared with three different fiber content of 0.1, 0.5 and 1.0% by weight of sand and tested at normal stresses of 100, 200 and 300 kPa in the shear box test. Fig. 4 show the shear stress-strain curves of the unreinforced and fiber-reinforced sand under the three different normal stresses. As shown in the Fig. 4 the presence of fiber affected the trend of stress-strain curves. The stressstrain curves of sand reinforced with various ratios of polypropylene fibers displayed the similar change trends at the same vertical normal stress. With respect to this figure in the shearing period, the shear strength of reinforced samples increased gradually. In order to evaluate the effect of fiber on the shear strength of the sand a strength ratio parameter is introduced and defined as = (1) Where and are stresses of fiber-reinforced and unreinforced sand at the peak point, respectively. As regards to this definition, the variation shear strength ratio with normal stress under different experimental normal stresses can be calculated. Fig. 8 , shows that the rate of fiber-reinforced sand samples grows with fiber content and decreases under higher confining pressure. For fiber-reinforced sand specimens, the greater the fiber contents of reinforced sand, the greater the shear strength ratio of reinforced sand at the same normal stress. Furthermore, the shear strength ratio of reinforced sand dropped with the improvement of vertical normal stress from 100 to 200 kPa. The shear strength ratio is observed to be as high as 1.33 for reinforced sand specimen prepared with a fiber content of =1.0% at a normal stress of 100 kPa and decreased about 1.12 at a normal stress 200 kPa. For specimens with fiber contents of =0.1 and 0.5%, the shear strength ratio varied from 1.15 and 1.27 to 1.11 and 1.12 between normal stresses from 100 to 300 kPa. However, the results showed the shear strength ratio increased slightly with the increase of vertical normal stress from 200 to 300 kPa. This finding is consistent with the result of the previous researches. (Gray and Al-Refaei) [14] , (Dos Santos et al.) [17] , (Wei Shao et al.) [11] . Therefore, the fiber reinforcement is more effective for specimens under low vertical normal stress. Normally, it is expected to display opposite trends between two strength parameters, the angle of internal friction and cohesion of soil. For example, when the angle of friction arises, the cohesion of soils generally reduces. However, the inclusion of the fibers causes an improvement in cohesion. The improvement in the angle of internal friction is most probably associated with mobilization of friction between the soil particles and fibers. (Wei Shao et al.) [11] , (Gao and Zhao) [19] , Yetimoğlu and Salbas) [6] . On the other side, improvement of ductility of soil through the stretching of the fiber causes to increase the cohesion. (Kumar et al.) [20] , Consoli et al. [21] and [22] . Fibers are the major components in the fiber-sand composites which has a great influence on the improvement of coherent values. The existence of fibers into the sand is providing apparent cohesion that contributes to the shear strength. This detection is expected with the results of the previous studies. (Shukla et al.) [23] (Wei Sho et al.) [11] .
Because of the extensible nature of the fibers, they are stretched in the soil matrix during the shearing process, so they cause the sand to behave like cohesive soils, increasing the tension resistance of fiber-reinforced sand which finally increase the shear strength. (Consoli et al.) [24], (Gao and Zhao) [19] , (Wei Sho et al.) [11] . The randomly distributed discrete fibers may act as a three-dimensional structure to interlock sand particles, forming the grains as a unitary coherent matrix that helps to restrict the displacement. It is speculated that the furrows and pits that formed on the fiber surface constituted an interlock and improved the interaction between sand matrix and polypropylene fiber surface. The interlocking effect increases with an increased fiber content, that is one of the significant reasons causing an improvement in the shear strength of specimens with high fiber contents. The Fig. 9 shows an image of the fiber-reinforced specimen at the end of a direct shear test. 
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With respect to the Fig. 9 , it can be seen that fibers in the soil matrix act as a structural network to interlock sand particles. However, it is thought that the fiber content is not the only effective factor on shear strength parameters of soils. In this study unreinforced and fiber-reinforced sand samples prepared with a relative density of 65%. Previous studies were done by researchers showed that relative density has a significant effect on the shear stress-strain behavior of fiberreinforced sand. M. Eldesouky et al. [10] studied the effect of the fiber inclusion and relative density on the shear strength of the dry sand samples. The results showed that increase of the fiber content from 0.0% to 1.0% improves the normalized shear strength of dry sand in both peak and residual points by about 25%-30% while increasing the relative density from the 25% to 90% improves the peak shear strength unreinforced and reinforced.
However, this study aims at conducting an experimental study on the effect of polypropylene fiber on the shear strength behavior of poorly graded quartz sand and the determination of fiber length and fiber types on shear strength parameters of sandy soils need further investigation.
Conclusion
In this study, the effects of reinforcement on shear strength parameters of dense sand were evaluated and homopolymer polypropylene fiber was used as a reinforcement material. Three different percentage of fiber (0.1%, 0.5% and 1.0% of dry weight of soil) were used in the laboratory tests and behavior of randomly distributed fiber reinforced dense sand under shear box test was studied. According to the results, the shear strength of reinforced sand samples was improved as fiber content increases and these results showed maximum improvement percentage of 25% for samples under 100 kPa shear force at peak point and a maximum improvement of 40% for the sample under 100 kPa at the residual point. As per the results, as fiber content increased, the angle of internal friction improved. Also, the amount of apparent cohesion of reinforced sand samples was calculated for both peak and residual points. It was concluded that there is no apparent cohesion for the plain sand while for samples with 0.1%, 0.5% and 1.0% fiber content, an improvement in the amount of apparent cohesion was observed.
In order to investigate the effect of fiber on the shear strength of the fiber-reinforced sand, strength ratio ( ) was introduced. For fiber-reinforced sand, the greater the reinforced sand, the greater the shear strength ratio of reinforced sand at the same vertical normal stress. For the same reinforcement material, the shear strength ratio of reinforced sand decreased with the improvement of vertical normal stress from 100 to 200 kPa, and then the shear strength ratio grew slightly with the increase of normal stress from 200 to 300 kPa. For sand reinforced with different fiber content, cohesion has exhibited a significant increase in the improvement of fiber content while the angle of internal friction increases slightly.
In conclusion, the randomly distributed homopolymer polypropylene fiber inclusion improved the shear strength of sand considerably. The results obtained from the experimental study are also consistent with the previous studies that are conducted on randomly distributed polypropylene fiber reinforced sands. It should be observed that the results of this survey are valid only for the materials used in this work. The experiments were done while the type of sand and fiber were kept constant. The orientation of the fibers was not considered. Further investigations are needed with different types of soils, different fiber lengths, different types of fiber (synthetics and natural fibers), different aspect ratios and orientation of the fibers to completely investigate the effect of fiber inclusion to the soils.
